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NOTICE 

This paper gives a summary desc r ip t ion  of t h e  

METEOSAT system a s  defined a f t e r  two years  of research 

a t  CNES. Further ~ t u d y  may involve modificat ions i n  c e r t a i n  

of t h e  f e a t u r e s  indicated  here in ,  and t h e  l a t t e r  should 

not  be regarded a s  f i n a l .  



THE METEOSAT SYSTEM 

H. F e l i x  

ABSTRACT. The French METEOSAT weather s a t e l l i t e  and 
associated ground systems a r e  described. Operat ional  
c h a r a c t e r i s t i c s  of the  system a r e  given, a s  we l l  a s  a 
weight and power breakdown of the  s a t e l l i t e .  An  over- 
a l l  program plan is  presented. Launch is presen t ly  sched- 
uled f o r  1975 aboard a THOR rocket .  A l a r g e  number of 
ground s t a t i o n s  a r e  contemplated. 

I. Survey of the  METEOSAT System 

1.1. The METEOSAT pro jec t  

1.1.1, METEOSAT is t h e  name of a space system under study a t  FraneeQs 

CNES. Its primary component is  a f ixed p o s i t i o n  s a t e l l i t e  s i t u a t e d  a t  a longi- 

tude of 10-30° E which would c o n s t i t u t e  one s f  t h e  elements of a %~or%d-wide 

weather observation network (Figures 1.1. and P.2.), 

Launching, cu r ren t ly  scheduled f o r  e a r l y  197'5, would be preoperat ional  

i n  character .  

The s a t e l l i t e  would be a b l e  t o  communicate wi th  severa l  types of Earth 

s t a t i o n s ,  corresponding t o  i t s  d i f f e r e n t  meteorologica1 missions. 





I 
Figure  1.2. METEOSAT s a t e l l i t e  t o  be loca t ed  between 10' and 30' ~ / b o n g i t u d e .  / 

I Figure  shows l o c a t i d n  a t  0°, 



1.1.2. Primary mission of METEOSAT 

The s a t e l l i t e ' s  primary mission would be t o  record t h e  Earth" cloud 

covering by both v i s i b l e  and in f ra red  r a d i a t i o n  with reso lu t ions  of approxi- 

mately th ree  and s i x  km. The corresponding information would be t r a n s d t t e d  

d i r e c t l y  t o  the  ground f o r  immediate computer a n a l y s i s  o r  simple v i s u a l i z a t i o n ,  

Each composite image (2500 l i n e s  f o r  in f ra red  and 5000 f o r  v i s i b l e )  would 

l a s t  approximately one hal f  hour when a new ana lys i s  could begin, 

Transmission t o  the  ground would normally be accomplished by a small 

output  on-board t ransmit ter .  Reception would requ i re  a s t a t i o n  wi th  a Barge- 

diameter antenna (12 m). The c e n t r a l  s t a t i o n  would be located  i n  Prance. At 

c e r t a i n  times each day, image transmission would occur a t  a l a r g e  output ,  t o  

be picked up by simpler s t a t i o n s  with 4.5 m antennas. 

These "pr incipaln  s t a t i o n s  a r e  to be s i t u a t e d  s o  t h a t  t h e  s a t e l l i t e  i s  

observed a t  an e leva t ion  g rea te r  than 10'. 

Since image q u a l i t y  depends heavi ly  on s a t e l l i t e  motion, u t i l i z a t i o n  of 

a l l  the  s igh t ing  d e t a i l s  would probably be poss ib le  only a f t e r  ground correc- 

t i o n  by computer: such pre-processing using d a t a  on r e a l  a t t i t u d e  and 

p o s i t i o n  of t h e  s a t e l l i t e  would provide improved images. The corrected i m g e s  

would have t o  be used by computers, a s  any method of v i sua l i za t ion  would 

degrade them, 

The raw images received on t h e  ground would probably be of s u f f i c i e n t l y  

good q u a l i t y  t o  be reproduced d i r e c t l y  on photographic paper f o r  innmediate 

The i n f r a r e d  images should enable us to draw up a temperature. c h a r t  wi th  

a dev ia t ion  on the  order of lo; they a l s o  have the  g r e a t  advantage sf giving 

t h e  p i c t u r e  of cloud coverings a t  a l l  t i m e s  of t h e  day. 



The more d e t a i l e d  v i s i b l e  image, on the  o ther  hand, would show an unusable 

shadow zone f o r  a g r e a t  p a r t  of t h e  day. 

A more d e t a i l e d  desc r ip t ion  of t h e  mission and t h e  means of im~~lement ing 

i t  a r e  given i n  Section 11. 

1.1.3. The transmission ob iec t ive  

The second mission of METEOSAT is t o  provide f o r  the  dissemination from 

t h e  c e n t r a l  s t a t i o n  of d i f f e r e n t  types of meteorological da ta ,  t o  be relayed 

by the  s a t e l l i t e .  

Thus, one could re t ransmit  t h e  d i f f e r e n t i a t e d ,  preprocessed high-resolution 

images of t h e  primary mission t o  the  p r i n c i p a l  s t a t i o n s .  

The retransmission channel would a l s o  be compatible wi th  t h e  wefax modu- 

l a t i o n  standard which could be used i n  t ransmit t ing  reduced resolut:ion (880 

l i n e s )  images o r  c h a r t s ,  without half-tones, t o  t h e  less complex l o c a l  s t a t i o n s  

which could reuse  c e r t a i n  elements of t h e  cur ren t  APT s t a t i o n s  adapi:ed f o r  

S-band reception.  

- 1.1.4. The data-gatherina mission 

It is  a l s o  an t i c ipa ted  t h a t  the  s a t e l l i t e  w i l l  be used a s  a r e l a y  

between t h e  c e n t r a l  s t a t i o n  and t h e  data-gathering platforms scat tered  through- 

out  the  Ear th  zone covered by the  s a t e l l i t e  ( s a t e l l i t e  seen wi th  an  e leva t ion  

of more than 10"). These could be weather buoys, sh ips ,  o r   automat:;^ Ear th  

s t a t i o n s .  The s t a t i o n s  f a l l  i n t o  th ree  d i f f e r e n t  types with corresponding 

d i f f e r e n t  connection modes: c e r t a i n  s t a t i o n s  would send warning s i g n a l s  a t  

unspecif ied t i m e s ;  when these  s i g n a l s  a r e  received,  an  in te r roga t ion  nessage 

would be s e n t  by t h e  c e n t r a l  s t a t i o n  t o  t h e  s t a t i o n  giving t h e  a l e r t  to 

reques t  a d e t a i l e d  desc r ip t ion  of i t s  s i t u a t i o n ,  



Other s t a t i o n s  would transmit  only i n  response t o  interrogaticm. 

Most of t h e  platforms would opera te  i n  s h i f t s  according t o  syn,optic times, 

The system s tudied would have a "capacity" of 4000 platforms. 

1.2. Current s t a t e  of d e f i n i t i o n  (15 February 1971) 

The d e f i n i t i o n  s t u d i e s  on the  METEOSAT system (phase B) a r e  t o  be cam- 

ple ted  i n  June, 1971. A t  t h a t  t i m e ,  a l l  options a r e  t o  have been considered, 

and t h e  missions w i l l  be f i n a l .  Studies on t h e  o p t i c a l  apparatus f o r  s igh t ings  

(radiometer) have gone forward, and now a r e  i n  phase C .  

I n  July ,  i f  the  decis ion t o  complete the  p r o j e c t  is  confirmed, d e t a i l e d  

planning of a l l  s a t e l l i t e  and s t a t i o n  equipment w i l l  be i n i t i a t e d .  

System evaluations began i n  e a r l y  1969. Directed and coordinated by 

CNES, t h e  research was ca r r i ed  out  i n  conjunction wi th  t h e  National. Meteorology 

and the  Dynamic Meteorology Laboratory of CNRS and wi th  t h e  cooperation of 

severa l  French i n d u s t r i a l  f i rms and research centers .  

The following sec t ions  give a survey s f  t h e  e s s e n t i a l  c h a r a c t e r i s t i c s  of 

t h e  system elements required t o  meet t h e  s t a t e d  ob jec t ives  as defined on 

15  February 1971. 

1.3. General make-up of the  system 

The diagram on page 1.7 shows t h e  t o t a l  space system, the  d i f f e r e n t  

connections between i ts  components a s  w e l l  a s  t h e i r  p r i n c i p a l  fea1:ures. The 

connection numbers r e f e r  t o  the  th ree  missions and t o  t h e  opera t ional  csmec- 

t i o n s  ( telemetry,  remote control ,  t racking) .  

Connections of the  three-system missions are provided f o r  i n  the hfles- 

frequency band (1700-2000 MHz). Nevertheless, f o r  data-gathering f i t  is  



an t i c ipa ted  by way of an  opt ion t o  provide f o r  sa te l l i t e -p la t fo rm connections 

i n  t h e  UHF band (400-460 MHz). 

The opera t ional  connections a r e  accomplished i n  the  VHF band w i t h  

network s t a t i o n s  Diana and Iris. 

The connections w i l l  be given i n  d e t a i l  i n  t h e  following sec t ions ,  I 
I 

1.4, Severa l  opera t ional  l i m i t a t i o n s  

Operat ional  l i m i t a t i o n s  w i l l  have t o  be  determined before  launching. 

Some of them can a l ready be s t a t e d .  

The f i r s t  test s igh t ings  w i l l  probably be  poss ib le  only th ree  weeks 

a f t e r  launch, 

Once t h e  s a t e l l i t e  i s  i n  pos i t ion ,  a n  average of one f i n e  a t s i t u d e  

cor rec t ion  a day and one o r b i t a l  connection a month a r e  an t i c ipa ted ,  R igh t  

a f t e r  these  correc t ions ,  t h e  images w i l l  probably be t h e i r  b e s t  (after 

nuta t ion  suppression, of course). 

I n  p r inc ip le ,  s igh t ings  w i l l  be a b l e  t o  continue 24 hours a day with lastir 

output  d i r e c t  transmission. I n  p r a c t i c e ,  t h e  number of s igh t ings  w i l l  pro- 

bably be l imi ted  by t h e  a v a i l a b i l i t y  of personnel f o r  the  s t a t i o n s .  

The usage t i m e  f o r  t h e  on-board high-output t r ansmi t t e r  w i l l  be shared 

among the  three  missions i n  accordance with a program t o  be  set up by all 

i n t e r e s t e d  users.  

The b a t t e r y  i n  t h e  s a t e l l i t e  w i l l  a l low only a very g r e a t l y  reduced 

mission during ec l ipses .  





11. FIRST MISSION - SIGHTING 

2.1. General p resen ta t ion  

The f i r s t  mission of the  METEOSAT system is t h e  dec i s ive  one f o r  the  

system: i t  is t h e  one which i n  p r a c t i c e  determines the  general  c h a r a c t e r i s t i c s  

of the  s a t e l l i t e .  

S ight ing i s  accomplished by a l a r g e  telescope mounted aboard the s a t e b l i t e ,  

The Ear th  images a r e  explored line-by-line a t  the  very slow r a t e  s f  100 lines 

per  minute, t ransmit t ing  information t o  t h e  ground i n  r e a l  time with a 

r e l a t i v e l y  small  pass band. 

Rotat ion of t h e  s a t e l l i t e  around a North-South a x i s ,  and consequent 

r o t a t i o n  of the  telescope,  permits  sweeping of an East-West l i n e ,  Since the 

Earth is  seen from the  s a t e l l i t e  through an angle of 18", the  time spent  by 

t h e  te lescope 's  s igh t ing  a x i s  i n  covering the  Earth is  a t  the  most 1 /20  of 

the  s a t e l l i t e ' s  r o t a t i o n  period; during each r o t a t i o n ,  t h e  information re- 

ceived by t h e  radiometer i s  s i g n i f i c a n t  only f o r  1/20 of the  t i m e .  It is  
I I drawn out" i n  a r a t i o  of 19 before  transmission t o  the  ground t o  minimize the  

band. 

Moving from one l i n e  t o  the  next  is  done by r o t a t i n g  some of the  te lescope 

mi r ro r s  through an angle corresponding t o  t h e  d i s t ance  between l i n e s .  

The f i n a l  q u a l i t y  of the  images recons t i tu ted  on t h e  ground is very 

dependent on t h e  s'geometrys9 of t h e  system, t h a t  i s  t o  say, a s  much on the 

prec i s ion  of maintaining s a t e l l i t e  p o s i t i o n  a s  on a x i s  o r i e  

precession movements of the  a x i s ,  and r e g u l a r i t y  of ro ta t ion .  

These po in t s  w i l l  be taken up' i n  g rea te r  d e t a i l  l a t e r .  



2,2. Radiometer 

2.2.1. General obiect ives  

The radiometer i s  t h e  instrument which allows us t o  c a r r y  out  t h e  s igh t ing  

mission of t h e  s a t e l l i t e .  Its e s s e n t i a l  ob jec t ive  i s  t o  obta in ,  i n  a period 

of c l o s e  t o  25 minutes, two simultaneous images of t h e  Ear th ' s  d isk:  

- one, i n  the  spectrum range of 10.5-12.5 p, with a s p a t i a l  r e so lu t ion  

a t  t h e  s u b s a t e l l i t e  point  on the  order of 6 km. 

- another,  i n  the  spectrum range of 0.5-0.7 p, with a s p a t i a l  ~ :eso lu t ion  

on t h e  order of 3 km. 

For t h e  f i r s t  channel, i t  would be  d e s i r a b l e  t o  have a n  absolute  tempera- 

t u r e  measurement wi th  a p rec i s ion  on the  order of 1" K i n  a f i e l d  of 290' M, 

For the  second channel, a signal-to-noise r a t i o  on t h e  order of 100 for 

an Earth albedo of 100% is des i red .  

During e c l i p s e s ,  image l o s s  f o r  a maximum term of two hours is  acceptable,  

The Ear th ' s  f i e l d  i s  analyzed line-by-line. The s a t e l l i t e ' s  o m  r o t a t i o n  

causes sweeping of the  l i n e ,  and a mechanism i n s i d e  t h e  radiometer a;,lows pro- 

gressive r o t a t i o n  of a l l  o r  p a r t  of the  o p t i c a l  system i n  order t o  descr ibe  

a l l  the  image l i n e s .  

2.2.2. Detectors 

A d i f f i c u l t  problem is posed by t h e  d e t e c t o r s o  I n  f a c t ,  i n  the  in f ra red  

channel, considerat ions of d e t e c t i v i t y ,  t i m e  constant ,  and dimensions i n  

pract ice  require  the  use  of a HgCdTe type quantum de tec to r  whose normal oper- 

a t iona l  temperature is  around 80' KO Obtaining such a temperature for two 

years aboard a space veh ic le  would correspond t o  p roh ib i t ive  requiren~ents,  



assuming a system of a c t i v e  r e f r i g e r a t i o n  o r  r e f r i g e r a n t  s to rage .  O n e  wst 

imagine a completely pas s ive  system enabl ing  u s  t o  o b t a i n  t h i s  temperature by 

r a d i a n t  coupl ing w i t h  cold space. The l i m i t a t i o n s  a s s o c i a t e d  w i t h  such a 

system a r e  s eve re :  s i g n i f i c a n t  dimensions, experimental  v e r i f i c a t i o n  of perfor-  

mance d i f f i c u l t  from t h e  ground, p o s s i b l e  need f o r  complete r e v e r s a l  of 

s a t e l l i t e  every  s i x  months t o  l i m i t  p e r t u r b a t i o n s  due t o  t h e  Sun i n  the 

thermal  equ i l i b r ium of t h e  system. 

The fo l lowing  t a b l e  shows t h e  c h a r a c t e r i s t i c s  of t h e  i n f r a r e d  dletector:  

temperature i n c r e a s e s  

Response f a c t o r  

Time cons t an t  

f o r  T ( 11O0K a t  800 Hz 

I 



2.2.3. Sipht ing c h a r a c t e r i s t i c s  

I n  view of t h e  ob jec t ives  of the  s c i e n t i f i c  mission and the  performance 

of a v a i l a b l e  de tec to r s ,  a s tudy of t h e  o p t i c a l  system makes t h e  following 

c h a r a c t e r i s t i c s  des i rab le :  

General c h a r a c t e r i s t i c s  

- I n t e r v a l  between l i n e s  : 1.25. radian  

- Number of l i n e s  : 2500 

- Number of points  per  l i n e  : between 2048 and 2500 

- Image dura t ion (+go - sweep) : 25 minutes 

- Image recurrence : 2 per hour 

- S a t e l l i t e  r o t a t i o n  : 100 RPM 

- Pass band i n  space frequencies : 2800 cyc les l rad ian  i s o t r o p i c  

Instrument c h a r a c t e r i s t i c s  .......................... 

- Catad iop t t i c  system : Ritchey-Chrgtien type 

- Useful primary diameter : 40 cm 

- Usable surface  : 1000 cm 
2 

' - Telescope f o c a l  length  : 2.50 m approx 

- Focal length  a f t e r  reduction : 60 cm approx 

- Transmission c o e f f i c i e n t  $t 11~ : 0.6 approx 
. . 

- Transmission c o e f f i c i e n t  a t  0 . 6 ~ :  0.45 

- Optica l  q u a l i t y  : b e t t e r  than Rayleigh c r i t e r i o n  
a t  11 .CI 

Detection c h a r a c t e r i s t i c s  and performance 
-----------------i------------ ---------- 

- Cal ibra t ion of measurement connection c l o s e  t o  1%. 

- Pass band i n  in f ra red  channel : 29.4 kHz 

- Pass band i n  v i s i b l e  channel : 58.8 kTlz 

- F i l t e r i n g  18 o r  24 dB/octave. 



An infrared detector  i s  placed redundantly i n  the  neighborhood of the  f irst ,  

and intervenes when the f i r s t  f a i l s .  

Moreover, a system of in - f l igh t  refocussing, f o r  both channels, enables 

us t o  cor rec t  possible e r r o r s  i n  adjustment. 

2.2.4. Current conception of the  radiometer 

The current  conception of the  radiometer points  up the  following pr inc ipa l  

charac te r i s t i cs :  

O ~ t i c a l  system - ------- ---- 

- Ritchey-Chrgtien type. 

- Primary mirror with 0 40 cm, open t o  f / 2 .  

-Mater ia l :  CER-VIT l ightened by more than 60%. 

- Rate of secondary l i nea r  occulation: s l i g h t l y  more than 0 , 3 0 e  

- Good image f i e l d  2 20 mm. 

- Channels separated i n  the  f i e l d .  

Instrument ---------- 

-Mass on the  order of 45 kg (including s t ruc ture ,  ba f f l e ,  mel:hanisags, 

thermal control ) .  

- The radiometer i s  thermally insulated from the  r e s t  of the  .vehicle. 

Normal working temperature i n  o r b i t  is  c lose  t o  40a C .  

- Elec t r i c  power consumption: average l e s s  than 16  We 

The l ife-span object ive  f o r  t he  instrument is  more than two years" 

Two types of telescope current ly  being compared are shown i n  Figures 2.1 

t o  2.4 i n  the  following pages, 
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Figure  2.1. 
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2.3.1. Causes of image d i s t o r t i o n  

It i s  d e s i r a b l e  f o r  a modestly equipped user  to  be ab le  t o  receive 

METEOSAT1s crude images and then e s t a b l i s h  a p rec i se  correspondence between 

the  parameters of a METEOSAT measuring point  ( l i n e  number and po in t  number) 

and the  two geographical coordinates of a point  on the  Earth. The only to le r -  

a ted  cor rec t ions  a r e  simple geometrical transformations: t r a n s l a t i o n  and 

r o t a t i o n  of the  whole, which can be done manually by t h e  user .  

These opera t ions  w i l l  c e r t a i n l y  not  be enough t o  cor rec t  a l l  t h e  geometric 

e r r o r s  derived from t h e  three  causes of per turbat ions :  

1. The i n s t a b i l i t y  of t h e  s a t e l l i t e  due t o  poor adjustment of o r b i t a l  para- 

meters ( e c c e n t r i c i t y ,  i n c l i n a t i o n  and period) and t h e i r  d r i f t  under the  

combined e f f e c t s  of t h e  Sun, the  Moon and t h e  i r r e g u l a r i t i e s  i n  the  

Ear th ' s  p o t e n t i a l .  This pe r tu rba t ion  l eads  t o  small movements i n  the  

s u b s a t e l l i t e  point  with a period of 24 hours. I f  the  amplitude of these  

movements is  too g rea t ,  they w i l l  introduce fuzziness  e f f e c t s  in. the  

images, 

2. A t t i t u d e  e r r o r s  i n  the  s a t e l l i t e :  two a t t i t u d e  e r r o r s  e x i s t ,  d is t inguish-  

ab le  by t h e i r  periods.  I f  t h e  a x i s  of the  s a t e l l i t e ,  ins tead of being 

p a r a l l e l  t o  the  l i n e  of t h e  poles  of t h e  Ear th ,  makes an angle @ w i t h  

them, t h e  s a t e l l i t e  w i l l  desc r ibe  i n  the  course of 24 hours a conical  

movement wi th  respect  t o  the  Earth,  t h e  half-angle a t  t h e  top of t h e  

cone being equal t o  E ) ,  The e f f e c t  on image q u a l i t y  w i l l  i l lcrease,  t h e  

g r e a t e r  angle e) becomes, and w i l l  appear as a n  i r r e g u l a r  d i s t r i b u t i o n  

of points .  



-- 

which, i f  not  suppressed, w i l l  d i s t o r t  t h e  edges of the  images and 

scramble the  l i n e s .  

3 .  Errors  i n  r o t a t i o n  synchronization may cause sampling i r r e g u l a r i t i e s .  

The ob jec t ive  decided upon is  t o  l i m i t  these  per turbat ions ,  so  t h a t  a f t e r  

co r rec t ion  by t r a n s l a t i o n  and r o t a t i o n  of t h e  whole, a  sample with a 

given rank w i l l  correspond t o  t h e  geometrical po in t  a c t u a l l y  seen wi thin  

a  c e r t a i n  tolerance.  

2.3.2. Limitat ions on t h e  s a t e l l i t e  

Three cases a r e  considered: 

1. I n  the  s h o r t  t e r m ,  f o r  a  hundred l i n e s ,  i t  i s  des i red  t h a t  t h e  d e t a i l s  

not  be  d i s t o r t e d ,  which implies t h a t  t h e  a c t u a l  sweeping "grid" have the  

same shape a s  the  i d e a l  gr id .  Thus, i n  the  neighborhood of one point, 

the  sampling points  should be a t  a  s l i g h t  d i s t ance  from t h e i r  t h e o r e t i c a l  

pos i t ion .  This leads  t o  t h e  s p e c i f i c a t i o n  t h a t  t h e  nu ta t ion  be  less than 

5" of arc .  For synchronization of t h e  clock con t ro l l ing  sampling, t h e  
- 5 reference  mark should never s l i p  by more than 10 radians  between two 

successive l i n e s ,  which presupposes t h a t  angular acce le ra t ions  of t h e  
2 s a t e l l i t e  be l imi ted  t o  3 . 1 0 - ~  r d / s  

2 .  I n  the  medium term, we wish t o  be ab le  t o  measure the  ve loc i ty  of a  

cloud by r e f e r r i n g  t o  i t s  movement i n  f i v e  consecutive images with an 

accuracy of 5 km/h. This means w e  must be ab le  t o  evaluate  a  l O  kLI1.cPoud 

movement i n  two hours. This condi t ion  determines c e r t a i n  parameters: 

- S a t e l l i t e  a x i s  o r i en ta t ion :  l e s s  than 1' a r c  from North-South, 

- Longitude d r i f t  less than 0.1' per day, 
-3 - Eccen t r i c i ty  less than 1 ,7  X 1 0  

- O r b i t a l  i n c l i n a t i o n  less than 0 .2°p  



a month t o r  o r b i t .  

3.  I n  the  long term, w e  seek t o  know with a c e r t a i n  degree of accuracy the 

absolute  geographical pos i t ion  corresponding t o  a given samp1.e. The 

desi red  accuracy i s  on the  order of severa l  t ens  of kilometers. 

R e c a ~ i t u l a t i o n  of c o n s t r a i n t s  ---- ........................ 
e < 1,7.10°3 
i 4 0,2O 

Orbi t s  East-west d r i f - t i <  0. l " /day 

Orb i t a l  correc t ion:  1 per month 

North-south o r i en ta t ion :  b e t t e r  than 1' a r c  

Nutation < 6'' 
a Angular acce le ra t ion  of s a t e l l i t e  C 3 . 1 0 ~ ~  r d / 6  . 

Att i tude  correc t ion:  1 per day 

It i s  d i f f i c u l t  f o r  the  s a t e l l i t e  t o  observe these  cons t ra in t s .  I n  any 

event ,  use r s  r equ i r ing  image accuracy may always, a t  t h e  p r i c e  of a moderate 

delay,  s b t g i n  a r e c t i f i e d  image of much b e t t e r  geometrical qua l i ty .  

2.4. Transmission of images t o  the  ground 

There a r e  two poss ib le  transmission modes: 

2 0 

The analog information from t h e  d e t e c t o r s  i n  the  radiometer is anplified, 

f i l t e r e d ,  then numbered and s tored temporarily i n  t h e  memory f o r  11/20 sf a 

s a t e l l i t e  ro ta t ion .  During t h e  r e s t  of t h e  r o t a t i o n ,  they a r e  reread,  coded 

i n  bi-phase PCM, and come t o  modulate i n  phase a n  apprsximateliy 1;QO 0 z  

c a r r i e r  wave. 



1. Transmission a t  reduced output ( e 2 , 5  W) permitt ing communication 

with t h e  c e n t r a l  s t a t i o n  o r  equivalent  s t a t i o n s  with a G/T of 1-9 dB/' K, 

2. Transmission a t  g rea te r  output  (z 20 W) f o r  communication with p r i n c i p a l  

s t a t i o n s  with G/T of 4.3 ~ B / O  K. The 20 W t r ansmi t t e r  used i s  the  one 

from the  mission 2 and 3 transponder wi th  which mission 1 funct:ions i n  

shared t i m e  i n  t h i s  mode. 

Energy is  radia ted  toward t h e  Earth by a counter-rotat ing antenna w i t h  

e l e c t r o n i c  commutation with a maximum a x i s  gain on the  order of 18 dB. 

On the  ground, the  s i g n a l s  received a r e  switched back t o  al low e i t h e r  

t ransmission by ground l i n e s  a t  a high r a t s  60 the  preprocessing center  o r  

d i r e c t  v i sua l i za t ion .  

Figure 2.5 shows a block diagram of the  transmission connections aboard 

t h e  s a t e l l i t e ,  

Figure 2.6 gives t h e  p r i n c i p a l  c h a r a c t e r i s t i c s  of the  eonnectiom, 

The format of the  image l i n e s  transmitted i s  made up o f :  

- one synchronizat ion word, 

- 2500 b r i l l i a n c e  words i n  the  form where V 
i; 

a r e  the  v i s i b l e  5 b i t  samples and I R  has 8 b i t s ,  

- v a r i o u s  opera t ional  words during t h e  1/20 tu rn  no t  used f o r  the imge. 

Figure 2.7 shows the  communication balances between t h e  satelli te and 

the  c e n t r a l  or  p r i n c i p a l  s t a t i o n s .  



Figure 2.5, 



CODING SUBSYSTW 

Timing: 

Spin period 600 m s  (T) 

Line dura t ion 30 m s  (T/20) 

Synchronization: on s p i n  s a t e l l i t e  

Line transmission t i m e  570 m s  (19 T/20) 

Sampling: 

In f ra red  channel 80 kHz 

V i s i b l e  channel 160 IsHz 

Number of po in t s  f o r  l i n e  2 500 

Amplitude coding: 

Infrared channel 8 b i t s  

Vis ib le  channel 5 b i t s  

Telemetry: 

Line organizat ion 2 500 po in t s  of 

28 b i t s  

T o t a l  70 000 b i t s  
( b r i l l i a n c e  only) 

Buffer memory capaci ty  73 728 b i t s  
(4 096 X 18) 

Mean wr i t ing  r a t e  2.45 ~ b i t s / s  

Mean reading r a t e  129 Kbi ts /s  
-- - 

.Memory " 
I 'Memory reading 

wr i t ing  t Transmission t o  ground a t  129 Kbi ts /s .  
D 

Synchro- 
n iz ing 
emission. I 

I 
I .  Figure 2.6. 



SATELLITE 

Communications Balance 

r a t e  .............. 51.15 dB 

PROPAGATION ....see.e -188-9 dB (EIBvation 30') - 189.5 ' d ~  (Elkvation 5") 

350 dB (d 4 9 5  m) 

p o l a r i z a t i o n  loss.. - 095 dB 

atmospheric  l o s s  - 0.1 dB ( E l h a t i o n  30') 

n o i s e  ,.............. -205.0 dB (1 = 230eK) - 199.0 d~ (1 = 9 3 0 " ~ )  

ou tpu t  ( 2 . 5 ~ )  

modulation l o s s  ..... 2.5 dB . 
c a r r i e r  wave 25% 0.e 4-25 dB ' '. 

. . : t 18.5 dB 

. PIRE obta ined  ..... 12.25 dB 

................ margin 9.0 dB 

Figure 2,7. 



2.5. On-board equipment synchronization 

2.5.1. Purpose 

A l l  equipment i n  the  s i g h t i n g  connection must b e  synchronized wi th  the  

r o t a t i o n  of the  s a t e l l i t e .  

The f i n a l  q u a l i t y  of t h e  images depends on the  q u a l i t y  of t h i s  

synchronization. 

The following must be  synchronized: 

- te lescope sweep, 

- l ine-point  sampling, 

- memory inputs  and outputs ,  

- counter-rotat ing antenpa operat ion,  

- s a t e l l i t e  navigation. 

2.5.2. Various so lu t ions  

Two s o l u t i o n s  have been s tudied : 

2.5.2.1. The f i r s t  so lu t ion  i s  t h e  use  of a f ixed  rhythm clock, 

It would then be necessary t o  al low a margin of time f o r  the  dura t ion 

of image recording and f o r  t h e  dura t ion  of image information traiismissisa, 

These precautions would be  required ,  so  t h a t  v a r i a t i o n s  i n  sp in  y ~ e l o c i t g  do 

not  lead to  incomplete Earth s igh t ings  o r  incomplete transmission of 

information. 

S p a t i a l  r e s o l u t i o n  v a r i e s  wi th  s p i n  ve loc i ty .  A syllchronization 

impulse must be crea ted  which would determine when images were taken i n  each 

turn.  This impulse would be marked by no i se  t r a n s l a t e d  by a s h i f t  bemeera 

successive l i n e s ,  



To be ab le  t o  recompose the  image with the  des i red  accuracy, an 

u l t r a - s t ab le  clock and a very p rec i se  knowledge of the  s a t e l l i t e ' s  r o t a t i o n  

would be required.  

clock, synchronized with the  r o t a t i o n  of the  s a t e l l i t e ,  would give a constant 

s p a t i a l  r e so lu t ion  i f  the  v e l o c i t y  of the  s a t e l l i t e  d id  not  vary too rapidly, 

The use of t h i s  clock would allow constant  image d e f i n i t i o n  a s  we l l  

a s  a constant  transmission format (same composition, but  with va r iab le  

The clock uses a synchronization impulse del ivered e i t h e r  through 

the  te lescope 's  in f ra red  channel o r  by an a u x i l i a r y  sensor,  bu t  the  e f f e c t  of 

t h e  no i se  of t h i s  impulse could be minimized by a n  i n t e g r a t i o n  process,  

2.5.2.3. Choice and performance ----------- --------- 

Afte r  a s tudy of the  advantages and drawbacks of each so:Lution, the 

sp in  clock was se lec ted  a s  t h e  nominal solut ion.  

  hat so lu t ion  would allow us  t o  d iv ide  the  period of r o t a t i o n  into 

50,000 equal  i n t e r v a l s  using a d i g i t a l  counter r e a c t i o n  loop and a VCXO, The 

loop threshold i s  a funct ion of cumulative asynchronization e r r o r  a s  w e l l  a s  

of the  no i se  of the  synchronization impulse, 

Performance i s  l imi ted  by four  types of e r r o r  which were taken as 

equal  t o  1/10 of t h e  r e s o l u t i o n  element between two consecutive lines: 

- VCXO frequency s t a b i l i t y  i n  t h e  s h o r t  term, 

- VCXO fr.equency quant iza t ion,  

- short-term vo l t age  s t a b i l i t y ,  



The threshold is  + - 2 reso lu t ion  elements, i.e., the  beginings of 

image pick-up w i l l  f a l l  between two d i s t a n t  planes of 4 r eso lu t ion  elements, 

but  the  v a r i a t i o n  from one l i n e  t o  t h e  next  w i l l  be only 1/20 re. *solut ion 

-- --- - 



111. II,fISSIONS 2 and 3 

The s a t e l l i t e  contains a repeat ing system associa ted  wi th  a counter- 

r o t a t i n g  antenna whose d i f f e r e n t  operat ion modes permit us t o  c,axry ou t  

missions 2 and 3 i n  shared t i m e  and eventual ly  distance-measurements nec- 

essary  f o r  f i n e  t racking of t h e  s a t e l l i t e .  Missions 2 and 3 rerjpectively 

a r e  : 

- Retransmission of documents f o r  us.ers located  a t  any point  i n  the  zone 

covered by the  s a t e l l i t e ,  

- Data-gathering picked up by f ixed  o r  mobile (ship)  platforms located 

a t  any point  i n  t h e  zone covered by t h e  s a t e l l i t e .  

3.1. Retransmission of documents 

The disseminated documents a r e  t ransmit ted  from t h e  c e n t r a l  station and 

relayed by the  s a t e l l i t e ' s  repeat ing system. Two opera t iona l  modes (nan- 

simultaneous) are poss ib le ,  bu t  they d i f f e r  i n  the na tu re  and quality 02  

t ransmit ted  documents. 

W e  can disseminate: 
I 

- e i t h e r  "vis ib le"  o r  "infrared" high-resolution images. I n  p r i n c i p l e  t h i s  

w i l l  be  t h e  type of image supplied by mission 1 and greviousl,y processed, I 



I n  t h i s  case,  compa t ib i l i t y  wi th  t h e  WEFAX mission is sought a s  def ined  

f o r  t h e  SbE p r o j e c t .  

3.1.1. Retransmission of h igh-resolu t ion  images 13.2 

Let us r e c a l l  t h a t  mission 1 allows f o r  t h e  p o s s i b i l i t y  of t r ansmi t t ing  

rough images wi th  high output  toward rece iv ing  s t a t i o n s  c a l l e d  p r i n c i p a l  

s t a t i o n s .  This p o s s i b i l i t y  is  very i n t e r e s t i n g  i n  t h a t  t h e  q u a l i t y  s f  rough 

images al lows us  t o  use them d i r e c t l y  i n  a q u a l i t a t i v e  manner. I f  t h i s  i s  

n o t  t h e  case ,  i n  p a r t i c u l a r  i f  r e s i d u a l  movements of t h e  o r b i t i n g  s a t e l l i t e  

a r e  too l a r g e ,  i t  i s  necessary t o  process  t h e  images before  using them even 

q u a l i t a t i v e l y .  The processed images are then  re t r ansmi t t ed  from t h e  central 

s t a t i o n  f o r  t h e  use of t h e  p r i n c i p a l  s t a t i o n s .  This  system is d i a g r  

Figure 3.1. 

P r i n c i ~ a l  communications c h a r a c t e r i s t i c s 1  --- - w e - - - - - - - - - - - - -  

- The upward c e n t r a l  s t a t i o n - t o - s a t e l l i t e  communication w i l l  b e  a t  a 

frequency i n  t h e  v i c i n i t y  of 2000 MHz. 

- The downward s a t e l l i t e - t o - p r i n c i p a l  s t a t i o n  communications w i : U  use a 

frequency i n  t h e  v i c i n i t y  of 1700 MHz. 

- The type of modulation should allow us t o  keep t h e  i n t r i n s i c  q u a l i t i e s  

of t h e  t ransmi t ted  s i g n a l .  Like d i r e c t  t ransmission of rough images, 

re t ransmiss ion  of processed images w i l l  use PCM/PM modulation, 

-The maximum r a t e  c u r r e n t l y  a n t i c i p a t e d  i s  1130 kbls .  This r a t e  allows us 

t o  r e t r ansmi t  i n  25 minutes images wi th  t h e  same c h a r a c t e r i s t i c s  as t h e  

rough images (format,  coding),  bu t  s t u d i e s  are underway f o r  t h e  optimiza- 

t i o n  of t h e  re t ransmiss ion  format as a func t ion  of the f e a s i b i l i k y  of 

v i s u a l i z a t i o n  systems, 





Charac t e r i s  t i c s  of t h e g r i n c g a l  s t a t i o n s  : ----------- -- ------ 

- These s t a t i o n s  can b e  s e t  up a t  any p o i n t  from which t h e  s a t e l l i t e  is  

i h i g h e r  than  5 o r  10". I 
- They are equipped wi th  a 4.5 meter  d iameter  antenna w i t h  a gaizi e s t ima ted  

a t  G = 34 dB, i nc lud ing  hyperfrequency l o s s e s .  

- The maximum temperature a t  t h e  i n p u t  of t h e  r e c e i v e r  connection. due t o  83.3 

t h i s  antenna i s  es t imated  a t  T = 180°K (cosmic no i se ,  a tmospheric  n o i s e  
a 

a t  5" from l o c a t i o n ,  hyperfrequency l o s s ,  e t c . ,  .) . 

- The o v e r a l l  n o i s e  f a c t o r  of t h e  r e c e i v e r  i s  es t imated  a t  F = 5.5 dB, b 
where T = 750°K. r 

- The o v e r a l l  r ecep t ion  temperature is  thus :  Tg = Ta + Tr = 930'. 

N.B . :  These f i g u r e s  a r e  working hypotheses s u b j e c t  t o  r eeva lua t ion ,  Actual- 

l y ,  t h e  p r i n c i p a l  s t a t i o n s  could b e  r equ i r ed  t o  r e c e i v e  a l s o  images t r a n s d t f e d  

by t h e  motion s a t e l l i t e s  of t h e  ITOS s e r i e s ,  i n  which case  c e r t a i n  charac te r -  

i s t i c s  would have t o  be  a l t e r e d  f o r  b e t t e r  r ecep t ion  performance in p a r t i c u l a r ,  

The communication ba lances  a r e  shown i n  d e t a i l  i n  Table I, g .  32 .  

i 
3.1.2. Retransmission of  documents by WEFAX s tandard  

Na t iona l  Meteorology has  a network f o r  t h e  d isseminat ion  of doi:uments i n  

France and r ece ives  informat ion  o r i g i n a t i n g  i n  va r ious  o t h e r  coun t r i e s  via 

i n t e r n a t i o n a l  networks. This  in format ion  exchange i s  accomplished through 

PTT communications. The o b j e c t i v e  of t h e  WEFAX mission is  t o  al low wide  

d isseminat ion  of t h e s e  documents wi thout  t h e  l i m i t a t i o n s  of earth-bound 

communications. 



TABLE I 

COMMSJNICATIONS BALANCE FOR H. R. IMAGE RETRANSMISSION 

1 )  S a t e l l i t e - t o - P r i n c i p a l  S t a t i o n  Links (1,700 MHz) PCM/PM Link - 
130 kb / s  - P r o b a b i l i t y  of E r r o r  lom6* 

................. EN + 10.6 dB 
0 

Rate  ................ + 51.15dB 

......... Propagat ion + 189.5 dB (Eleva t ion  5') 

G r  .................. - 35.0 dB (@ 4.5 m) 

Hyperfrequency l o s s  . + 1.0 dB 

... P o l a r i z a t i o n  l o s s  + 1.0  dB 

Atmospheric l o s s  .... + 1.0 dB (Eleva t ion  5') 

Noise ............... - 199.0 ~ B W / H Z  

2 )  Cen t ra l  S t a t i o n - t o - S a t e l l i t e  Link (2,000 MHz) 

Hyperfrequency l o s s  . - 1 , 2  dB 

P o l a r i z a t i o n  l o s s  ... - 0.5 dB 

Atmospheric l o s s  .... - 8.1  dB (Eleva t ion  30') 

Transmit ted power ... + 20.0 dBW 

Propagat ion l o s s  .... - 190.2 dB 

G r  .................. + 14.0 dB ( S a t e l l i t e ,  counter- 
r o t a t i n g ,  antenna 
inc lud ing  hyper- 
frequency l o s s ) ,  

( t a b l e  con ' t , 
on next page) 



Received power ...... - 114.00 dBW 

S a t e l l i t e  n o i s e  
power ............... - 198.8 ~ B W / H Z  

Thus, we ob ta in :  78.8 dB/Hz f o r  t h e  c a r r i e r  wave (25% of t h e  ou tpu t )  

83.55 dB/Hz f o r  modulation 

E/No = 32.4 dB/Hz ( r a t e  130 Kb) 

a l lowing  a p e r c e p t i b l e  20 dB margin w i t h  r e s p e c t  t o  downward 

communication (E/N = 10.6 dB) . 
0 

Thus, t h e r e  w i l l  b e  very  l i t t l e  degrada t ion  of  d i f f u s i o n  qua: 

by t h e  upward l i n k .  



Documents f o r  d i sseminat ion ,  e l abo ra t ed  o r  c e n t r a l i z e d  by Nat iona l  

Neteorology, a r e  s e n t  o f f  by s p e c i a l i z e d  Ear th  communications t o  t n e  c e n t r a l  

s t a t i o n ,  where they  a r e  p u t  i n t o  t h e  proper  form and t r ansmi t t ed  f o r  the 

use  of l o c a l  s t a t i o n s .  

These l o c a l  s t a t i o n s  a r e  probably similar t o  c u r r e n t  APT r ece iv ing  

s t a t i o n s ,  t h a t  i s ,  w e  a r e  speaking of r e l a t i v e l y  c rude  and cheap equipment, 

They ope ra t e  a t  a frequency n e a r  1700 MHz, 

A diagram of t h e  system i s  shown i n  F igure  3.1, 

P r i n c i l a l  communications c h a r a c t e r i s t i c s  : --- ----------------- 

- The upward c e n t r a l  s t a t i o n - t o - s a t e l l i t e  communication w i l l  u se  a fre- 

quency of  approximately 2000 MHz, 

- The downward s a t e l l i t e - t o - l o c a l  s t a t i o n  communication w i l l  u se  frequency 

of approximately 1700 MHz. 

- The t ransmiss ion  s t anda rd  used w i l l  b e  compatible w i t h  t h e  WEFKC s t anda rd  

which appears  t o  b e  used f o r  t h e  American SMS p r o j e c t .  I n  f a c t ,  we a r e  

, speaking b f  an APT type  format and modulation, i , e .  : 800 l i n e s  x 808 points 

t r a n s m i t t e d  i n  200 seconds,  AMIFM modulation w i t h  a 2400 Hz subcar:r ies  wave, 

Loca l  s t a t i o n  ------- c h a r a c t e r i s t i c s  : -------- 

- They can b e  set up a t  any p o i n t  from which t h e  s a t e l l i t e  i s  seen  h i g h e r  

than 5 o r  10'. 

- These s t a t i o n s  a r e  equipped wi th  a 2.3 meter diameter  antenna w i t h  a ga in ,  

i nc lud ing  hyperfrequency loss, es t ima ted  a t  6 = 27.5 dB. 



j 

i - The o v e r a l l  n o i s e  temperature of  r ecep t ion ,  i nc lud ing  n o i s e  introduced 1 by t h e  antenna,  i s  es t imated  at T = 200°K, and t h e  r e c e i v e r ' s  sow ndise 
i a  
! 
4 w i t h  a n o i s e  f a c t o r  of Fb = 6.5 dB is:  
i 

1 TG = T + Tr = 1200°K. 
1 a 
4 
I 
! The communications ba lances  are d e t a i l e d  i n  Table 11. 
1 

i 

3.2. D a t  a-gathering mission /3.5 

The d a t a  gathered and t r ansmi t t ed  by a c e r t a i n  number of "data-gathering 

p l a t f  o m s "  loca t ed  throughout t h e  s a t e l l i t e ' s  v i s i b i l i t y  zone are relayed 

by t h e  s a t e l l i t e  and rece ived  by t h e  c e n t r a l  s t a t i o n .  The messages from 

a l l  t h e  p la t forms should b e  rece ived  by t h e  c e n t r a l  s t a t i o n  i n  1-112 hour, 

t h i s  1-112 hour  cyc l e  being repea ted  every 6 hours .  

I 
1 3.2.1. P la t forms and mode of ope ra t ion  of p la t forms 

The p la t forms can b e  of t h r e e  d i s t i n c t  types :  

- Fixed ground p l a t fo rms ,  

- Pla t forms aboard s h i p s ,  

- Floa t ing ,  n o n d r i f t i n g  buoys. 

The problems r e l a t i v e  t o  each of t h e s e  t h r e e  types  of platfoam are 
1 

1 r a t h e r  d i f f e r e n t :  
li 

I - The f i x e d  ground p la t forms can b e  equipped wi th  f i x e d ,  r e l a t i v e l y  disec- 

t i o n a l  antennas ( s t a t i o n a r y  s a t e l l i t e ) .  

On t h e  o t h e r  hand, energy supply problems are p a r t i c u l a r l y  bothersome, 

e s p e c i a l l y  i f  t h e  p l a t fo rm i s  q u i t e  i s o l a t e d .  



TABLE I1 

COMMUNICATIONS BALANCE FOR WEFAX RETRANSMISSION 

1 )  Sa t e l l i t e - to -Loca l  S t a t i o n  Links (1,700 MHz) AM/FM Link --- 
F I  Band : 30 kHz - FM Demodulating Threshold : 10 dB. 

PIN W ............... + 10.0 dB 
0 

W ................... + 44.8 dB (30 kHz) 

Propagat ion l o s s  .... + 189.5 dB (Eleva t ion  5') 

G r  .................. - 28.5 dB 

Hyperfrequency l o s s  . + 1.0 dB 

P o l a r i z a t i o n  l o s s  ... + 1.5 dB 

Atmospheric l o s s  .... + 1.0 dB 

Noise ............... - 197.8 dBW/Hz (1,20Q°K) 

........ Minimum PIRE + 21.5 dBW 

2) C e n t r a l  S t a t ion - to  S a t e l l i t e  Link (2,000 MHz) 

. Ge .................. + 44.0 dB (Q 1 2  m) 

Hyperfrequency l o s s  . - 1.2 dB 

P o l a r i z a t i o n l o s s . . .  - 0.5 dB 

Atmospheric l o s s  .... - 0.1 dB (Eleva t ion  30') 

Transmit ted power ... + 20.0 dBW 

Propagat ion l o s s  . . , . - 190.2 dB 

G r  .................. t 14.0 dB (Counter-rotat ing 
antenna inc lud ing  
hyperfrequency l o s s )  

Received power ...... - 114.0 dBW 

( t a b l e  csngt, 
on next page) 





- Shipboard platforms a r e  mobile but  sub jec t  t o  p i t ch ing  and r o l l i n g  and 

w i l l  b e  equipped wi th  wide-coverage (low gain)  antennas. On the  o the r  hand, 

energy supply problems a r e  n o t  c r i t i c a l .  Moreover, t h e  cons tant  presence 

of personnel  may make them e a s i e r  t o  use. 

- Buoys would have t o  ad jus t  both t o  low-gain a e r i a l s  (movements due t a  

swe l l s )  and low-output t r a n s m i t t e r s  (energy supply problems) Thus, they 

pose a p a r t i c u l a r l y  acute  communications balance problem, 

From t h e  ope ra t iona l  mode po in t  of view, w e  note :  /3.6 
P 

- Platforms t r ansmi t t ing  t h e i r  messages i n  s h i f t s ,  synchronized by a clock 

i n s i d e .  These platforms r e q u i r e  only upward communication (p1at:fom-to- 

s a t e l l i t e ) .  

- Platforms t h a t  can b e  i n t e r r o g a t e d  from t h e  c e n t r a l  s t a t i o n .  Tk,ese will 

r e q u i r e  a  double communication and w i l l  thus be  suppl ied  wi th  a  receiver. 

Of t h e  " in te r roga tab le"  platforms,  a  c e r t a i n  number c a l l e d  " a l e r t  plaz-  

forms'' w i l l  have t h e  c a p a b i l i t y  of spontaneously t r ansmi t t ing  a b r i e f  

a l e r t  s i g n a l  when needed (cyclone, t i d a l  wave) n o t i f y i n g  t h e  c e z ~ t r a l  

s t a t i o n  of t h e  need f o r  them t o  i n t e r r o g a t e  immediately. 

3.2.2. Communications organiza t ion  and system opera t ions  

- The platforms t r ansmi t t ing  by s h i f t s  a r e  loca ted  throughout a  c e r t a i n  

number n of adjacent  channels ,  t h e  width of which depends on the long- 

term s t a b i l i t y  of d i f f e r e n t  o s c i l l a t o r s  ( e s p e c i a l l y  p la t form c locks) .  A 

given channel i s  used i n  time-sharing by a number N of p l a t f o r m ,  w i t h  

some margin allowed between t h e  t h e o r e t i c a l  t ransmission t i m e s  c f  two 

success ive  p la t forms,  t o  take  i n t o  account t h e  long term d r i f t  c f  the 

synchronizat ion clocks.  This  o rgan iza t ion  i s  diagrammed i n  Figure 3 .2 ,  

- The " in ter rogatable"  p la t form rece ive r s  a r e  tuned t o  t h e  i n t e r r o g a t i o n  

s i g n a l  carrier wave t r ansmi t t ed  by t h e  central s t a t i o n  a t  t h e  s t a r t  o f  



a$- 1 ( 1  time sh i f t s  - ) 





of each 1-1/2 hour cyc l e ,  and remain tuned t o  i t  throughout t h e  cyc l e ,  

Each p l a t fo rm t r ansmi t s  i ts  message when i t  recognizes  i t s  address .  

I n t e r r o g a t i o n s  and r e p l i e s  go through d i f f e r e n t  channels (duplex o p e r a t i o n ) ,  

One o r  more channels a r e  reserved  f o r  a l e r t  messages. The alert  channels 

a r e  permanently a v a i l a b l e ,  even when t h e  r e p e a t e r  is  used f o r  o t h e r  than 

data-gathering purposes.  

3.2.3. Some es t imated  c h a r a c t e r i s  t i c s  

The system is c u r r e n t l y  s t u d i e d  f o r  a capac i ty  of 4000 p l a t f o m s ,  of 

which : 

- 3000 p la t forms t r ansmi t  i n  s h i f t s ,  

- 100 p la t forms a r e  i n t e r r o g a t a b l e ,  i nc lud ing  100 alert p la t forms.  

The 4000 messages w i l l  reach t h e  c e n t r a l  s t a t i o n  i n  1-112 hour s ,  every 

6 hours .  

- Each channel  w i l l  have a capac i ty  of  75 b i t s / s .  

- Message l eng th  may b e  v a r i a b l e  depending on t h e  type  of p l a t fo rm between 

256 and 4096 b i t s .  

- The t o t a l  number of channels  n ,  as w e l l  a s  t h e i r  bandwidth AF and t h e  

number of messages N which can b e  t r ansmi t t ed  i n  1-112 hour  i n  each 

channel ,  are n o t  y e t  determined. They depend on t h e  frequency s t , a b i l i t i e s  

which can b e  achieved i n  t h e  d i f f e r e n t  levels of t h e  system. Th i s  problem 

occurs  p r i m a r i l y  f o r  p la t forms t r a n s m i t t i n g  by s h i f t s  needing t o  b e  

synchronized by a c lock  i n s i d e ,  

- There are s t i l l  two o p t i o n s ,  as f a r  as t h e  f r equenc ie s  are concerned used 

f o r  t h e  fo l lowing  communications: 

4 0 



. Sa te l l i t e - to -p l a t fo rms  : 1700 MHz \ 2000 MHz f 

o r  460 MHz \ 400 MHz f 

The UHF op t ion  has  t h e  advantage of be ing  a well-known engineer ing  

technique ,  b u t  S-band op t ion  al lows a cons iderable  s i m p l i f i c a t i o n  i n  the 

s a t e l l i t e  ( p a r t i c u l a r l y ,  a . s i n g l e  counter - ro ta t ing  antenna) .  

- The es t imated  p l a t fo rm c h a r a c t e r i s t i c s  vary  by type.  The r a d i a t e d  output  

(PIRE) w i l l  b e  at l e a s t  43 dBm f o r  t h e  buoys. Th i s  r a d i a t e d  output  

corresponds t o  t h e  use  of an omnidi rec t iona l  antenna (G = 0 dB) and a 20 

W t r a n s m i t t e r .  The r a d i a t e d  power of t h e  ground o r  shipboard p l a t f o m  

may b e  somewhat h igher :  

through t h e  use  of a d i r e c t i o n a l  antenna (ground p l a t fo rms) ,  

through us ing  a more powerful  t r a n s m i t t e r  (shipboard p la t forms) .  

The r ecep t ion  n o i s e  temperature ( f o r  i n t e r r o g a t e d  p la t forms)  is evaluated I 
at approximately 1050' bo th  f o r  UHF and S-band. For r e f e rence ,  t h e  comuni- i 

! 
c a t i o n s  ba l ances  are shown i n  Tables  I11 through VII. k 

k 



TABLE I11 

ALL S-BAND OPTION 

INTERROGATION 

1 )  C e n t r a l  S t a t i o n - t o - S a t e l l i t e  Link (2,000 MHz) 

SC t r a n s m i t t e d  power ......... 40.0 dBm 

Net SC ga in  ................. 42.8 dB 

Propagat ion l o s s  ............ - 190.2 dB (Eleva t ion  30') 

Atmospheric l o s s  ............ - 0.1 dB (Eleva t ion  30°) 

P o l a r i z a t i o n  l o s s  ........... - 0 . 3 d B  

S a t e l l i t e  n e t  ga in  .......... -b 14.0 dB 

SL rece ived  s i g n a l  s t r e n g t h  . - 93.8 dBm 

SL n o i s e  temperature ........ 29.8 dB O K  

Boltzmann cons t an t  k ........ - 198.6 ~ B I / H Z  OK 

SL n o i s e  s t r e n g t h  ........... - 168.8 d ~ m / ~ z  

PINo ........................ 75.0 d ~ / H z  

2) Sa t e l l i t e - to -P la t fo rm Link (1,700 MHz) 

I n h i b i t e d  
5 O  Buoy 

E leva t ion  

SL t ransmiss ion  s t r e n g t h  .... 
SL n e t  antenna ga in  ........* 
Propagat ion l o s s  ............ 

............ Atmospheric l o s s  

........... P o l a r i z a t i o n  l o s s  

........... N e t  p l a t fo rm ga in  

( t a b l e  conP t . 
on next page) * 



/ 1n;nibired 

Elevation Elevation El* 

Received s ignal  strength .... 
Platform noise temperature .. 
k ............ O . . . . . . . . . . . . . .  

Noise strength .............. 



TABLE IV 

i ALL S-BAND OPTION 
I 

i REPLY 
i 
i 1 )  P l a t fo rm- to -Sa te l l i t e  Link (2,000 MHz) 

..... Buoy t r a n s m i t t e d  output  43.0 dBm 

Buoy n e t  ga in  ............... 0.0 dB 

Propagat ion l o s s  ............ - 190.9 dB (Eleva t ion  5') 

Atmospheric l o s s  ............ - 1.0 dB (Eleva t ion  5') 

........... P o l a r i z a t i o n l o s s  - 0 . 7 d B  

......... SL antenna n e t  ga in  12.0 dB 

........ SL rece ived  s t r e n g t h  - 137.6 dBm 

S a t e l l i t e  n o i s e  temperautre  . 4- 29.8 dBm OK 

Boltzmann cons t an t  .......... - 198.6 dBm/Hz OK 

SL n o i s e  s t r e n g t h  ........... - 168.6 dBm/Hz 

i 2 )  Sa te l l i t e - to -Cen t r a l  S t a t i o n  Link (1,700 MHz) 

... S a t e l l i t e  ou tpu t  s t r e n g t h  43.0 dBm 

. S a t e l l i t e  antenna n e t  ga in  .. 14.0 dB 

............ Propagat ion l o s s  - 190.2 dB (Eleva t ion  30°) 

Atmospheric l o s s  ............ - 0 . 1  dB (Eleva t ion  30°) 

........... P o l a r i z a t i o n  l o s s  - 0.3 dB 

.... C e n t r a l  S t a t i o n  n e t  ga in  42.8 dB 

SC rece ived  s t r e n g t h  ........ - 90.8 dBm 

SC n o i s e  tempera ture  ........ 23.6 dB OK 

k ........................... - 198.6 ~ B ~ / H Z  OK 

SC n o i s e  s t r e n g t h  ........... - 175.0 dBm/Hz 

PINo ........................ 84.2 ~ B / H Z  

 total^/^^ .................. 31.2 ~ B / H Z  



TABLE V 

"S /UHF" BAND OPTION 

C e n t r a l  S t a t i o n - t o - S a t e l l i t e  Link (2,000 MHz) 

SC power t r a n s m i t t e d  . 40.0 dBm 

SC n e t  ga in  .......... 42.8 dB 

Propagat ion  l o s s  ..... - 190.2 dB (Eleva t ion  30°) 

Atmospheric l o s s  ..... - 0.1  dB (Eleva t ion  30') 

.... P o l a r i z a t i o n  l o s s  - 0.3 dB 

S a t e l l i t e  n e t  ga in  ... 14.0 dB 

Received s i g n a l  
s t r e n g t h  ............. - 93.8 dBm 

SL n o i s e  tempera ture  . 29.8 d~-KO 

k  .................... - 198.6 dB/Hz-KO 

SL n o i s e  s t r e n g t h  .... - 168.8 d ~ / H z  

Sa te l l i t e - to -P la t fo rm Link (466 MHz) 

SL t r a n s m i t s  s t r e n g t h  
(15 W) ............... 

...... SL antenna  ga in  

..... Propagat ion l o s s  

..... Atmospheric l o s s  

......... P o l a r i z a t i o n  

.... Pla t fo rm n e t  ga in  

I n h i b i t e d  
5' Buoy 90' Buoy P l a t  f o m  

E leva t ion  E leva t ion  5O $3. 

( t a b l e  conk t .  
QXI next page) 



Received s i g n a l  ............. s t r e n g t h  

P la t fo rm n o i s e  .......... temperature 

Noise s t r e n g t h  ....... 
................. PINo 

........... T o t a l  P/No 

d I n h i b i t e d  
5' Buoy P1atfo;ms 

Elevat ion  
5 O  El,, 



TABLE V I  

I I S / U H F ~ ~  BAND OPTION 

REPLY 

P la t fo rm- to -Sa te l l i t e  Link (402 H z )  

Buoy Transmits  s t r e n g t h  ..... 43.0 dBm 

Buoy n e t  ga in  ............... 0.0 dB 

............ Propagat ion l o s s  - 177.0 dB (Eleva t ion  5") 

............ Atmospheric l o s s  - 0.3 dB (Eleva t ion  5") 

P o l a r i z a t i o n  l o s s  ........... - 1.5 dB 

S a t e l l i t e  an tenna  n e t  ga in  .. - 5.0 dB (Eleva t ion  5") 

S a t e l l i t e  rece ived  s t r e n g t h  . - 130.8 dBm 

S a t e l l i t e  n o i s e  temperature . + 29.5 dB OK 

k ........................... - 198.6 dBm/Hz O K  

-- 

S a t e l l i t e  n o i s e  s t r e n g t h  .... 1 6 9 , l  dBm/Hz 

N. B. - The Sa te l l i t e - to -Cen t r a l  s t a t i o n  communications 
ba l ance  is t h e  same as shown i n  Table I V .  



I V .  OPERATIONAL COMMUNICATIONS 

4.1. Telemetry and remote con t ro l  

Control of t h e  s a t e l l i t e  during i t s  d i f f e r e n t  o r b i t a l  phases w i l l  be 

c a r r i e d  out  by biphase P M  telemetry t ransmit ted  a t  136 MHz: 

- 16 b i t s / s  f o r  a reduced power transmission of 1 W, 

- 64 b i t s / s  f o r  a 10 W transmission (espec ia l ly  f o r  t h e  t r a n s f e r  and  station- 

ing  phases).  

Command from t h e  ground f o r  t h e  d i f f e r e n t  opera t ional  modes an t i c ipa ted  

f o r  t h e  s a t e l l i t e  w i l l  require  t h e  transmission of remote-control o:rders f o r  

immediate execution and a l s o  remote-assignment of numerical messages, To 

s a t i s f y  these  requirements, t h e  TDCS i s  not  s u i t a b l e ,  and i t  would isppear 

pre fe rab le  t o  adopt the  new PCM-FSK standard now being defined i n  Ei~rope. 

Communication w i l l  be  ca r r i ed  out  a t  148 MHz. 

During the  t r a n s f e r  and s t a t i o n i n g  phases, s a t e l l i t e  t racking I s  accom- 

pl ished by the  Diana in ter ferometry  s t a t i o n s  of t h e  CNES network by l i s t en ing  

t o  the  s a t e l l i t e  con t ro l  telemetry. 

Once t h e  s a t e l l i t e  is  on s t a t i o n ,  i t  i s  planned t h a t  i ts  prec i se  posi-  

t i o n  should be found by a d i s t ance  measurement from t h e  c e n t r a l  s t a t i o n  using 

t h e  2 GHz on-board transponder. 

The use of l a s e r  r e f l e c t o r s  would allow us t o  ob ta in  exce l l en t  tracking 

accuracy. This s o l u t i o n  i s  under study a s  an option. 



V. THE SATELLITE 

5.1. General remarks 

The preceding sec t ions  have given a desc r ip t ion  of t h e  s a t e l l i r e  equip- 

ment s p e c i f i c a l l y  f o r  missions 1, 2 and 3,  t h a t  is  : 

- the  radiometer and t h e  image transmission l i n k ,  

- t h e  transponder. 

I n  the  following, a l l  t h e  o the r  equipment on board w i l l  be  described 

which is  necessary f o r  t h e  operat ion of t h e  s a t e l l i t e  and f o r  its c o n t r o l  

from t h e  ground, i. e. : 

- the  s t r u c t u r e  of t h e  satel l i te  i t s e l f  wi th  t h e  f a c i l i t i e s  f o r  kernperature 

con t ro l ,  

- t h e  navigat ion subsystem, 

- antennas, 

- t h e  apogee motor, 

- f i n a l l y ,  the  subsystem composed of t h e  equipment used f o r  ppeacaticsnal 

communications between t h e  veh ic le  and t h e  s t a t i o n  network. 



The METEOSAT s a t e l l i t e  w i l l  b e  s t a t i o n e d  (and maintained i n  p o s i t i o n )  

r o t a t i n g  a t  100 rpm around an a x i s  p a r a l l e l  t o  t h e  l i n e  of t h e  Earth" poles. 

It w i l l  appear i n  t h e  form of a c y l i n d e r  covered wi th  s o l a r  c e l l s ,  

p i e r ced  by a l a t e r a l  opening f o r  Ea r th  s i g h t i n g s ,  and w i l l  b e  corrstructed 

around two b a s i c  p i eces  of equipment : t h e  radiometer  and t h e  apogee motor 

which a r e  p laced  one on t o p  of t h e  o t h e r  on t h e  a x i s  o f  t h e  sa te l . l i i t e ,  

The r a d i a t i n g  elements  of t h e  coun te r - ro t a t ing  antenna are t o  occupy a 

p a r t  o f  t h e  l a t e r a l  su r f ace .  ' 

The f i r s t  a r c h i t e c t u r a l  s t u d i e s  of t h e  s a t e l l i t e  showed t h a t  because 

of i t s  weight (approx. 260 kg.) and i t s  volume, METEOSAT w i l l  have t o  be 

launched by a Thor Delta of t h e  new so-ca l led  " 4  d i g i t v '  series with 9 auxixarg  

engines on t h e  f i r s t  s t a g e  (De l t a  2913 o r  2914) a b l e  t o  p l a c e  up t o  595 kg 

i n t o  t r a n s f e r  o r b i t .  This  v e r s i o n  of t h e  MacDonnell Douglas launcher  will b e  

equipped w i t h  an 8-foot diameter  envelope which w i l l  apparent ly  become the 

s t a n d a r d  type  a f t e r  October,  1973 (Delta Manual, February, 1971) , 

The l a r g e  diameter  of t h e  envelope al lows u s  t o  o b t a i n  a s t a b l e  configura- 

t i o n  f o r  t h e  s a t e l l i t e  ( i n e r t i a  r a t i o  C/A g r e a t e r  t han  1) and a s u f f i c i e n t  

s o l a r g e n e r a t o r  s u r f a c e  f o r  t h e  miss ion .  It i s  very  improbable t h a t  those two 

l i m i t a t i o n s  could b e  s a t i s f i e d  w i t h  t h e  p r e s e n t  v e r s i o n  of t h e  f ive - foo t  

d iameter  envelope. 

5.3. Navigat ion subsystem 

The nav iga t ion  subsystem p lays  an impor tan t  p a r t  i n  t h e  satel l i te ,  Its 

p r i n c i p a l  func t ions  a r e  : 

- i n  t h e  t r a n s f e r  o r b i t ,  t o  c o n t r o l  t h e  satel l i te  d- apogee motor c o m p I a ,  i 
which i s  unstable ,  

a 
3 



- al low t h e  e x a c t  s t a t i o n i n g  of t h e  s a t e l l i t e  w i t h  t h e  c o r r e c t  a t t i t u d e  and 

r o t a t i o n a l  v e l o c i t y ,  

- suppress  a l l  a t t i t u d e  p e r t u r b a t i o n s ,  

- keep a t t i t u d e ,  p o s i t i o n  and v e l o c i t y  o f  r o t a t i o n  at va lues  compatible 

w i t h  image q u a l i t y  ( s ee  Par .  11). 

These l i m i t a t i o n s  are d i f f i c u l t  t o  s a t i s f y .  

To r e s o l v e  t h e  problem, t h e  u s e  of  two command f a c i l i t i e s  is  en.visaged: 

- t h e  f i r s t  us ing  hydraz ine  a s  t h e  e rgo1  ( t h r u s t  2 10 N) would b e  used f a r  

nav iga t ion  i n t o  t r a n s f e r  o r b i t ,  o r b i t  s t a t i o n  c o n t r o l  and rough o r i en t a -  

t i o n  of t h e  satel l i te  a x i s  on s t a t i o n ,  

- a second wi th  a co ld  gas system ( t h r u s t  - 0.1 N) would b e  used i n  f i n e  

o r i e n t a t i o n  of  t h e  s a t e l l i t e  a x i s  and c o n t r o l  of r o t a t i o n a l  speed. 

A very  low t h r e s h o l d  n u t a t i o n  suppres so r  ( f l u i d )  would permit  r a p i d  

suppress ion  of  p a r a s i t i c  motion induced by p e r t u r b a t i o n s  ( e s p e c i a l l y  t e l e scope  

sweeps). 

The command l i n k  f o r  t h e  n a v i g a t i o n a l  motors would have s o l a r  and 

t e r r e s t r i a l  s e n s o r s  as a t t i t u d e  d e t e c t o r s  and an accelerometer .  

Moreover, very  f i n e  a t t i t u d e  c o r r e c t i o n s  (approx. 20") would be  f e a s i b l e  

through a s t e l l a r  s e n s o r  mounted on one end of t h e  satel l i te .  Preprocess ing  

of r ece ived  images might b e  ano the r  very  e x a c t  method s f  ob ta in ing  t h e  

v e h i c l e  a t t i t u d e ,  



5.4. Supply 

Very s p e c i a l  a t t e n t i o n  i s  paid t o  supplying the  s a t e l l i t e ,  which i s  one 

of t h e  most c r i t i c a l  po in t s  i n  the  scheme of t h e  system f e a s i b i l i t y .  The 

necessary power f o r  carrying out  the  missions is  on the  order  of 120 W. 

Normally i t  w i l l  be supplied by the  s o l a r  generator  through a prle-set voltage 

d i s t r i b u t i o n  l i n e .  A Ni-Cd b a t t e r y  w i l l  s e rve  a s  an energy memory in 

t r a n s f e r  o r b i t  and w i l l  allow a back-up system during ec l ipses .  

5.5. The antennas 

The counter-rotat ing antenna w i l l  b e  made up of 32 generators wi th  4 

elements r ad ia t ing  a t  2 GHz, loca ted  on t h e  periphery of t h e  s a t c ~ i l i r e ,  

where i t  w i l l  occupy a c y l i n d r i c a l  s e c t i o n  50 cm high. I f  t h e  UI-IF o p t i o n  Is 

chosen f o r  t h e  data-gathering mission, t h e  corresponding antenna elements 

w i l l  be  superposed on an S-band antenna. 

5.6. The apogee motor 

The apogee motor must g ive  t h e  s a t e l l i t e  a ve loc i ty  increment on the 

order  of 1820 m / s .  

A l i q u i d  ergo1 motor would be t h e  l i g h t e s t  so lu t ion ,  bu t  d i l f f icul t  to 

re lease .  Moreover, t h e  l i q u i d  s loshing back and f o r t h  would have a destabi- 

l i z i n g  e f f e c t  on a dynamically uns table  body (CIA < 1 )  l i k e  t h e  satellite + 
apogee motor complex, making navigation s t i l l  more d i f f i c u l t .  

Thus, a powder motor is envisaged, t h e  powder being e jec ted  after 

combus t i o n .  

5.7. Operational  equipment 

The VHF antennae used on board would probably be  whip antennae situated 

at one end of t h e  satell i te.  



5.8. Recapitulation of the  s a t e l l i t e ' s  on-board equipment 

The s a t e l l i t e  w i l l  be composed of t he  following equipment: 

- Structure  with heat  control  devices, 

- Hydrazine navigational  device, 

- Cold gas device, 

- Nutation suppressor, 

- Solar  and t e r r e s t r i a l  a t t i t u d e  sensors,  

- S t e l l a r  sensor,  

- Solar  generator, 

- Battery,  

- Protect ion,  regulation and conversion c i r c u i t s ,  

- Multi-channel radiometer, 

- Image coder, 

- Memory, 

- Clock, 

- 1 . 7  GHz image t ransmi t te r ,  

- 2 GHz transponder (with 400 MHz opt ion) ,  

- 2 GHz counterclockwise antenna (with 400 MHz option), 

- VHF remote ~ o n t r o l  receiver  and decoder, 

-, Set of VHF antennae, 

- Laser ref  l e c to r s ,  (optional)  

- Powder apogee motor. 

5.9, Weight balance 

A f i r s t  evaluation of t he  s a t e l l i t e ' s  weight balance i s  a s  fol.laws: 

- Complete radiometer un i t  ...................................... 53 kg 

- Structure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . .PO.~e~~O.Y~ 48 kg 

-Navigational subsystem e . ~ ~ ~ ~ ~ e ~ . o ~ ~ e . ~ e ~ ~ O ~ ~ ~ c ~ ~ ~ e O . . ~ . . O O O  52 kg 

-Supply subsystem .............................................. 28 kg 

- Electronic equipment . . . . . . . . . . . . o . o . . . . . O . O . D e e D . . . . . . . . e ~ .  1 2  kg 

52 



- Counter-rotating antenna .................................... '30 kg 

- Allowance f o r  cab le  and balancing ........................... 15 kg 

............................................... - VHF equipment 7 kg 

.............................................. - S t e l l a r  sensor  6 kg 

-Margin f o r  contingencies .................................... 9 kg 





Figure 5.2. 



VI. ROLE AND GENERAL DESCRIPTION OF GROUND EQUIPMENT 

6.1. Review of functions t o  be c a r r i e d  ou t  

The ground equipment w i l l  have two d i s t i n c t  types of funct ions ,  nmeky: 

- s p e c i f i c  functions l inked t o  t h e  system's 3 missions as  defined i n  the 

preceding sec t ions ,  

- so-called opera t ional  funct ions ,  necessary f o r  monitoring and oan t ro l  of 

t h e  s a t e l l i t e .  

6.1.1. Mission-related functions 

Pr imar i ly ,  these  inc lude : 

- Reception of rough images a t  1700 MHz (Mission 1 ) ,  

- Pretreatment of rough images, 

- Transmission of meteorological  documents a t  2000 MHz (Mission 2:), 

- Reception-of gathered d a t a  and in te r roga t ion  of platforms a t  1700 and 

2000 MHz (Mission 3 ) .  

6.1.2. Operat ional  functions 

- Reception of house-keeping telemetry a t  136-138 MHz, 

- Transmission of remote-control orders  a t  148-149 MHz, 

- Interferometry t racking a t  136-138 MHz, 

- Distance measurement a t  1700-2000 MHz. 

a) The opera t ional  functions w i l l  be c a r r i e d  out  pr imar i ly  (Telemetry and 

Remote-Control) by means of t h e  present  CNES VHF network, including s i x  

s t a t i o n s  s i t u a t e d  a t  : 



P r e t o r i a  (South Africa)  

Brazzavi l le  (Congo) 

Ouagadougou (Upper Volta) 

Canary I s l ands  

Bretigny (France) 

Kourou (French Guiana) 

The ex ten t  of t h i s  network allows adequate coverage and redundancy both  

during launching of the  s a t e l l i t e  and during i t s  a c t u a l  l i f e t i m e  i n  syn- 

chronous o r b i t .  

b) Methods of VHF t racking include two in ter ferometers  located ,  respect ively ,  

a t  P r e t o r i a  and Kourou. These VHF t racking f a c i l i t i e s  appear s u f f i c i e n t  

t o  carry  out  s a t e l l i t e  t racking during the  launch phase. A szudy has 

shown t h a t  t h e  apogee maneuvering (primary i n j e c t i o n  i n t o  synchronous 

o r b i t )  was poss ib le  with such f a c i l i t i e s ,  a f t e r  t h e  four th  a 

These f a c i l i t i e s  w i l l  be inadequate, however, f o r  t h e  s a t e l l i t e  utiliza- 

t i o n  phase, s i n c e  image preprocessing requires  high accuracy i n  tracking. 

This is  why t h e  use o r  development of new f a c i l i t i e s  is  contemplated: 

- Solution 1: S-band angu la r . t r ack ing ,  using d a t a  on t h e  a t t i t u d e  of the 

c e n t r a l  s t a t i o n  p lus  the  add i t iona l  use of s e v e r a l  d i s t ance  measurements 

by a l a s e r  s t a t i o n .  

- Solut ion 2: S-band angular  t racking and d i s t ance  measurement:; by S-band 

e l e c t r o n i c  means from t h e  c e n t r a l  s t a t i o n .  This d i s t ance  measurement 

would use connections a l ready i n  exis tence  f o r  missions 2 and 3. 

- Solut ion 3: Three S-band d i s t ance  measurements taken a t  t h e  c e n t r a l  

s t a t i o n  (master s t a t i o n )  and by means of two transponders ( s l ave  s t a t i o n s )  

i n  t h e  VHF network s t a t i o n s .  This t h i r d  so lu t ion  would allow a prec i se  

geometrical determination of t h e  s u b s a t e l l i t e  po in t ,  i n  c o n t r a s t  t o  the 



dynamic treatment required by the  f i r s t  two so lu t ions .  The equipmeat 

requirements a r e  more complicated, however. 

Currently the  most l i k e l y  so lu t ion  is  Solut ion 2. 

6.2. Organization of ground equipment 

I n  addi t ion  t o  t h e  e x i s t i n g  VKF network, ground equipment: would be 

regrouped i n  two primary cen te r s  : 

6.2.1. Central  s t a t i o n  

The c e n t r a l  s t a t i o n  would include a l l  t h e  equipment f o r  carrying 

out  a l l  S-band communications (1700-2000 MHz) with t h e  s a t e l l i t e ,  namely: 

- the  connection f o r  reception and acqu i s i t ion  of rough images, as w e l l  as 

equipment f o r  recording and v i s u a l i z a t i o n  f o r  monitoring. 

- the  connection f o r  organizing and transmission of meteoro log ica~  docusaaents 

(low and high d e f i n i t i o n )  as w e l l  a s  recept ion equipment f o r  mcraitorismg, 

- the  conne'ction f o r  recept ion and acqu i s i t ion  of col lec ted  d a t a  and equig- 

ment f o r  e labora t ion and transmission of in te r roga t ion  messages, 

- distance-measuring equipment, 

- var ious  monitoring accessor ies  and equipment. 

Figure 6 .1  shows a block diagram of t h e  c e n t r a l  s t a t i o n .  

The s t a t i o n  w i l l  b e  equipped with a s i n g l e  lb = 12 m diameter antenna, 

It w i l l  be automatical ly pointed,  and i t s  a t t i t u d e  d a t a  w i l l  be  wed for 

s a t e l l i t e  t racking.  



. , 
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The est imated reception no i se  temperature i s  approximately 230°K. 

The c e n t r a l  s t a t i o n  i s  connected t o  the  preprocessing and con t ro l  center 

by a number of da ta  transmission l i n e s  (Figure 6.2.). 

6.2.2. Preprocessing and con t ro l  cen te r  

This cen te r  w i l l  contain t h e  primary means of computaticn and t he  

f a c i l i t i e s  f o r  coordination of monitoring and guidance of t h e  s a t e . l l i t e ,  

The computer f a c i l i t i e s  w i l l  allow pr imar i ly  the  preprocessing of rough 

images. The purpose of t h i s  preprocessing i s  t o  remove a l l  e r r o r  induced by 

t h e  sys  tem from t h e  rough images : 

- imperfect ions due t o  t h e  o r b i t  and a t t i t u d e  of t h e  s a t e l l i t e ,  

- imperfect ions i n  t h e  transmission connection, 

and t o  put  t h e  images i n  an e a s i l y  usable form f o r  t h e  users.  
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